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PREFACE 

These Hunterian Lectures were delivered 
at the Royal College of Surgeons in 1906. 
The 500 specimens which were then 
shown, and upon which the Lectures were 
based, can be examined by any one inter- 
ested in the subject. 

ARTHUR H. CHEATLE. 



18 Savile Row, 1907. 
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LECTURE I 

A. THE TEMPORAL BONE AT BIRTH 

The temporal bone at birth is situated at the 
side and base of the skull with the membrana 
tympani lying in a nearly horizontal plane and 
„ flush with the surface, there being no bony meatus. 

(I) THE BONE AS A WHOLE 

The bone is made up of three portions which 
are easily separable. 

The squamo-zygomatic or squama. 

The tympanic ring. 

The petrous, which contains the labyrinth. 




;pect. Membrane 
a position. 
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(i) The outer aspect is gently convex from above 
downwards and shows the squamo-zygomatic por- 
tion with the attached tympanic ring and part of 
the petrous. Below the line of the zygomatic pro- 
cess which marks more or less accurately the floor 
of the middle fossa and therefore the roof of the 
middle ear and antrum, two roughly triangular 
processes descend ; the anterior forms part of the 
glenoid fossa externally and part of the floor of 
the middle fossa internally, its anterior edge being 
continuous with the upper part of the squama, 
and its posterior edge forming the upper edge 
of the Glaserian fissure. 

The posterior triangular process, the more im- 
portant from an otological standpoint, forms at 
its upper part the outer wall of the attic or 
upper part of the middle ear in front, and the 
outer wall of the antrum behind, — both walls being 
therefore continuous. After forming these walls 
it descends, having a slight twist which makes 
its surfaces anterior and posterior, and narrowing 
to an apex extends as low as the stylo-mastoid 
foramen. This descending part lies against a free 
descending surface of the petrous below the antrum, 
and has the upper part of the posterior limb of the 
tympanic ring lying on its anterior surface. The 
inner border is free and projects into the back 
part of the middle ear ; the outer border together 
with the continuous posterior border of the upper 
part which forms the outer wall of the antrum, 
articulates with and overlaps the adjacent free 
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surface of the petrous forming the masto-squamosal 
suture. 

The two extremities of the tympanic ring are 
attached to the front of the upper part of the 
anterior free border of the posterior triangular 
process with an interval between them. The plate 
of bone between the extremities up to the level 
of the zygoma forms the outer wall of the attic, 
in which lie the head of the malleus and body 
and posterior process of the incus. It will be 
noticed that this outer attic wall not only over- 
hangs the uppermost part of the middle ear but 
also the posterior superior part, as it has a slope 
downwards and backwards. Just below the ex- 
tremity of the anterior limb of the ring a small 
plate of bone projects backwards and inwards 
from it having a free border above against which 
rests the neck of the malleus. This little projec- 
tion can be seen all through life and frequently 
requires removal, when performing the radical 
operation, in order thoroughly to expose and 
clear a cell or recess anterior to the head of the 
malleus and above the canal for the tensor 
tympani. The ring joins below with the pro- 
jecting floor of the middle ear formed by the 
petrous ; while in front and below it forms the 
outer boundary of the Eustachian tube ; and in 
front and above, the lower boundary of the 
Glaserian fissure. 

Across the ring is stretched the membrana 
tympani with the handle of the malleus embedded 
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in it, forming together with the outer attic wall 
the outer boundary of the middle ear. 

Behind and below the masto-squamosal suture 
is a smooth surface of bone formed by the petrous ; 
dense in front and below where it forms the 
mastoid mass from which the process is subse- 
quently developed, thinning out behind where it 
is grooved internally by the lateral sinus. In this 
smooth part of the petrous, at its anterior inferior 
aspect, is the stylo-mastoid foramen occupying 
such a superficial position that the facial nerve 
is in some danger during operation ; later in life the 
foramen appears at the inferior surface and the bone 
immediately behind it becomes the digastric fossa. 

Before birth, at the posterior and upper aspect 
of this smooth petrous portion behind the antrum, 
is an irregular depression occupied by a mass 
of cartilage to which vessels pass from the fossa 
under the superior semicircular canal. This carti- 
lage is usually ossified at birth, but an irregular 
opening and the vessel track remain for some 
time running inwards behind the antrum. 

The portion of the petrous seen below and in 
front of the tympanic ring is the outer wall of the 
canal for the internal carotid artery. 

(ii) The inner aspect shows the upper vertical 
cranial part of the squamous and the superior and 
posterior surfaces of the petrous with a border 
between them. The petrous slants inwards and 
forwards, an important point to remember when 
operating. 




Fui. 3-— At Birth. 
Right bone, inner aspec 



Fio. 4, — At Birth 
Left bone, inner aspect. 



(a) The superior surface, which points some- 
what forwards and outwards, has externally the 
petro-squamosal suture, or rather the thin edge 
of the overlapping tegmen from the petrous, 
running from before backwards and forming 
with the underlying projection from the squama 
the roof common to the Eustachian tube and 
attic in front and the antrum behind. Under 
the free edge of the tegmen is lodged a process of 
dura mater and sometimes the remains of the 
petro-squamosal sinus. The petro-squamosal sinus 
receives veins, having a meningeal covering, from 
the middle ear below and from the meninges and 
temporo-sphenoidal lobe above. There is there- 
fore, in early infancy especially, a direct com- 
munication between the middle ear tract and 
the meninges, accounting for the frequency of 
meningitis secondary to middle ear infection. This 
roof of the attic and antrum is extremely thin and 
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translucent, remaining so, with rare exceptions, all 
through life. If it be examined from below the 
under projecting free border of the squama forms 
a very distinct ridge running from before back- 
wards, dividing the roof into an external and an 
internal part. The ridge is frequently seen in 
operating and requires removal in order to 
clean and examine the inner part thoroughly. 
Internal to the roof of the attic is the hiatus 
Fallopii in which the facial nerve lies against 
the dura mater ; infection may pass from the 
middle ear to the middle fossa by this route. 
Behind the hiatus is the anterior crus of the 
superior semicircular canal, while internal to the 
hiatus is smooth, compact bone covering the 
cochlea in front and a mass of diploetic bone 
internally. 

(b) The border between the two surfaces is 
interrupted in the middle by the superior semi- 
circular canal. The bone smooths off externally 
on the same level as the roof of the antrum and 
middle ear, but internally there is a drop and 
under the curve of the canal is a deep fossa lead- 
ing to the canal which carries vessels and a process 
of dura mater to the mass of cartilage already 
alluded to. This canal becomes obliterated as a 
rule, but a connection with the antrum has been 
described and infection may pass by it from that 
cavity to the posterior fossa. The border gives 
attachment to the tentorium and has running 
along it, but not grooving it at this age, the 
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superior petrosal sinus which runs from the 
cavernous to the lateral sinus. 

(c) The posterior surface is wholly formed by 
the petrous and shows externally the shallow 
groove for the lateral sinus lying below the level 
of the antrum and separated from it by dense 
cancellous bone, thus accounting for the rarity 
of lateral sinus infection in infancy. Internal to 
the groove, in a horizontal line with the internal 
auditory meatus, midway between the upper and 
lower borders of the surface, the upper crus of the 
posterior semicircular canal is plainly outlined, 
becoming buried as it curves downwards. Below 
it is the aqueductus vestibuli. Through the 
aqueduct passes a process from the membranous 
labyrinth to a closed sac, the saccus endolym- 
phaticus, which lies on the bone below and ex- 
ternal to the aqueduct. Infection occasionally 
passes by this route from the middle ear via the 
labyrinth to the saccus or posterior fossa. From 
the inner extremity of the posterior canal the 
superior can be seen commencing its course up- 
wards iand forwards. Internal to the canals is 
the internal auditory meatus running outwards 
for the passage of the facial and auditory nerves, 
the facial lying anteriorly and superiorly. The 
outer end of the meatus is also the inner wall of 
the labyrinthine vestibule, it is thin and per- 
forated for the passage of the vestibular and 
ampuUary branches of the auditory nerve. The 
anterior wall of the meatus forms the base of the 
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cochlea and is perforated for the cochlear branch 
of the auditory nerve. In the upper corner between 
the outer and anterior walls is the large foramen 
for the facial nerve ; the falciform process runs 
horizontally below it and separates the facial 




Left bone. Section throogh antrum, external si 
vestibule, and internal auditory mi 



from the auditory. Infection may pass from the 
middle ear through the vestibule by direct exten- 
sion of caries or through the auditory nerve-sheaths 
to the posterior fossa. 

(iii) The inferior aspect shows posteriorly and 
externally a raised, smooth surface for articula- 
tion with the occipital bone, external to which 
is the cartilaginous styloid process represented 
by a foramen in the dry bone. Anterior and 
internal to these is a smooth, shallow groove 
occupying the whole width of the surface, the 
sulcus jugularis, against which lies the jugular 
bulb. Externally the sulcus forms the thin per- 
forated floor of the middle ear ; through this iloor 
the bulb may become infected ; it is curious, how- 




LECT. r,] 



HUNTERIAN LECTURES, 1906 



ever, considering the anatomy of the parts, how 
rare is this comphcation of middle ear suppura- 
tion. Internally and posteriorly the sulcus covers 
the inferior surface of the inferior crus of the pos- 
terior semicircular canal as it opens into the floor 
of the vestibule. Internally and anteriorly it lies 
against the inferior surface of the first turn of 
the cochlea. In front of and internal to the sulcus 
where it forms the middle ear floor is the external 
opening of the internal carotid canal. Just anterior 
to the inner part of the sulcus is the aqueductus 
cochleae through which the perilymph in the 
cochlea communicates with the subarachnoid space, 
forming a pathway for infection in labyrinthine 
suppuration. Internal to the aqueduct the bone 
joins with the occipital. The border between the 
inner and outer junctions with the occipital forms 
an upper boundary of the jugular foramen. 

(iv) The apex shows externally and superiorly 
a wide opening common to the Eustachian tube 
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below and externally, and the canal for the tensor 
tympani above and internally, a separating shelf 
of thin bone projecting from the inner wall. Below 
and internal to this common opening is the in- 
ternal aperture for the internal carotid artery. 

(2} THE MIDDLE EAR TRACT 

(i) The antrum and attic from above.- — If the 
roof common to the Eustachian tube, attic and 
antrum be removed, the head of the malleus and 
body and posterior process of the incus will be 
exposed lying in the attic with the Eustachian 






Right 



Fig. 7, — Infant. 
The root of the midtlle ej 



k 



tube in front of them. The cavity of the antrum 
will be seen behind the incus, and it can he appre- 
ciated that the cavity has an outer wall formed 
by the squama, an inner wall abutting against the 
semicircular canals, and a posterior wall separating 
the cavity from the posterior fossa, both the inner 
and posterior walls being formed by the petrous. 
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All the walls unite below to form the apex. The 
opening of the antrum into the attic is above 
and in front immediately behind the incus. 
(ii) The sqiiamo-zygomatic and tympar. 
separated from the petrous. 



1 




Right bone. The squamo-zygomalic portio 
ririK iieparated from the petro 



If the squamo-zygomatic portion with the at- 
tached tympanic ring and membrane be removed, 
the inner walls of the antrum and middle ear lie 
exposed. 

(a) The inner walls of the middle ear tract.— -\\. is 
at once seen that the antrum and middle ear are 
laid down as one continuous cavity, and so they 
remain all through life. I have never seen the 
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antrum absent except in cases of congenital mal- 
formation. 

The lining membrane is continuous with that 
of the Eustachian tube and, therefore, with that 
of the nasopharynx. Pockets and folds exist round 
the contained structures. 

It is hardly to be expected that infection spread- 
ing up the tube should be limited to the middle 
ear proper without involvement of the antrum, 
and my experience, obtained by dissection of speci- 
mens, leads me more and more to think that in 
cases of acute suppuration the antrum is always 
simultaneously affected, the progress of the case 
depending on the amount of drainage and the 
virulence of the infection. 

The name ** mastoid antrum'' is confusing, 
for it implies that the cavity is developed as a 
mastoid cell ; in reality it is part of the middle 
ear, and laid down as such in foetal life long before 
the mastoid cells appear. The word ** tympanic'" 
is, therefore, more applicable. 




Left bone, iiquamo - zygomatic Right bone. Squamo-zygomatic por- 

portion separated from the tion, tympanic ring, and ossicles 

rest of the bone, showing separated from petrous, and lumed 

antruin, ossicles and membrane round, 
in position. 

Anatomists used to divide the temporal bone by 
an imaginary line which necessitated the description 
of the antrum entirely apart from that of the 
middle ear, and was the cause of much confusion. 

On examining the exposed tract it is first seen 
that it does not extend right out to the posterior 
border of the petrous. The antrum is roughly 
triangular in outline ; it is situated above and 
behind the roughly circular middle ear proper, 
the walls of which meet anteriorly to form the 
opening common to the Eustachian tube and 
tensor tympani canal. The projecting roof or 
tegmen is common to the antrum, attic, and tube, 
and runs downwards, forwards, and inwards. The 
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lower and posterior outlines of the antrum are 
formed by a free border of the petrous and are 
flush with the outer surface, but there is usually 
a dip, of varying extent, internally. The floor 
of the middle ear which is often lined with cells, 
is formed by the thin projecting plate of bone 
from the petrous; it curves upwards at each end, 
anteriorly as far as the Eustachian orifice and 
posteriorly to about the level of the base of the 
pyramid, ending as a border which externally lies 
against the apex of the posterior descending 
triangular process of the squama and internally is 
free, frequently forming a pocket or recess outside 
the pyramid on the posterior wall of the middle ear. 
The inner wall of these cavities is composed of 
the outer parts of the bony labyrinth with the 
facial nerve running over them. At the junction 
of the antrum with the middle ear the anterior 
limb of the external semicircular canal comes to 
the surface as a smooth, hard, white mass of bone, 
and forms the inner boundary of the opening of 
the antrum into the attic ; but it is not so thick 
as it appears and is easily wounded. This structure 
is of great importance as it is not only a guide 
when laying the antrum into the middle ear while 
performing the radical operation, but it also shows 
the way in operations on the semicircular canals 
and vestibule, and is one of the parts of the Isby- 
rinth most frequently attacked by disease. It 
has attached to it, in front and below, the thin 
Fallopian canal. 
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The facial nerve enters the middle ear attached 
to the external canal at the top and in the centre 
of the inner middle ear wall, on the same level as 
the canal for the tensor tympani which runs right 
up to it, and on a vertical level with the anterior 
edge of the oval window over which it passes. 
After passing over the top of the sinus tympani, 
it leaves the external canal at the apex of the 
opening into the antrum and runs down the pos- 
terior middle ear wall with a slight inclination 
outwards, to emerge at the stylo-mastoid foramen. 

The Fallopian canal may be incomplete, usually 
in the arching part, and may remain so all through 
life, leaving the nerve in contact with mucous 
membrane and therefore liable to involvement 
during inflammation of the middle ear. 

The oval window lodges the base of the stapes; 
it points backwards, inwards and upwards into 
the vestibule of the labyrinth. Below and ante- 
rior to the oval window is the promontory, which 
is really the outer wall of the beginning of the first 
turn of the cochlea ; this also is not so thick as 
it appears. Further forwards the hard promon- 
tory smooths off into the thin wall of the internal 
carotid canal. Below and behind the promontory 
is the round window which leads to the cochlea. 

The inner wall of the antrum behind and above 
the anterior limb of the external canal is smooth 
or slightly cellular, and is formed of cancellous 
bone which separates the cavity in an inward and 
forward direction from the upper limb of the 
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superior canal and the fossa under it ; lower down 
the external canal becomes buried in cancellous 
bone to meet the posterior canal. This inner 
wall curves round somewhat, external to the pos- 
terior semicircular canal, forming a posterior wall 
to the antrum, which is roughly triangular in out- 
hne and formed by a dense layer of cancellous 
bone which separates the cavity from the pos- 
terior fossa. 

(6) Inner aspect of the squama or outer walls of the 
middle car tract. 




Left bone. Sqiiamo-zygoinatic por- 
tion and tympanic ring with 
the membrane and ossicles in 
position Outer aspect. 



Fn;. ij,-At iiiRTU 
Lcit bone. Sqiianio-2j gomatic por- 
tion and tympanic ring with 
the membrane and osairles in 
podtion. Inner aspect. 



On looking at the inner aspect of the squama it is 
seen that the back part of the posterior triangular 
process where it forms the outer wall of the 
antrum, is lined with fine cells which are always 
present at birth and can be distinguished all through 
life. In front of the cells the bone is smooth, 
where it forms the outer attic wall. Lying against 
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the outer attic wall are the head of the malleus 
and body and posterior process of the incus, — a 
point to be remembered in removing the ossicles. 

As before stated, the outer wall of the middle 
ear is formed above by the outer attic wall, which 
extends slightly downwards and backwards over- 
hanging the posterior superior part of the middle 
ear, and by the membrane with the embedded 
handle of the malleus. 

{iii) Anterior and posterior middle-ear walls. — 





Flc. 13. — Infant. 
Left bone. Section through the middle ear showing the anterior 
and posterior walls. The membrane and ossicles removed. 
The section passes through the vestibule. 

If a lateral vertical section is made through the 
middle ear, the anterior and posterior walls can 
be examined. 

The posterior middle-ear wall shows : above the 
triangu ar opening of the attic into the antrum ; 
the base formed by the common roof ; the inner 
wall by the external canal which has the Fallopian 
canal attached to it anteriorly and interiorly ; and 
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the outer by the descending triangular process of 
the squama. The inner and outer walls meet below, 
forming the apex of the opening in which is lodged 
the tip of the posterior process of the incus. 

Below and internal to the apex of the opening 
is the pyramid for the stapedius tendon, attached 
to the inner surface of the Fallopian canal in its 
downward course after it has left the shelter of 
the external canal. On each side of the pyramid 
is a fossa. 

The inner or sinus tympani runs internal to 
the canal for the stapedius and Fallopian canal in 
an upward and backward direction ; it is often 
of great depth, and may have the thin sulcus 
jugularis for a floor, and it often runs up to the 
outer wall of the vestibule below and behind the 
oval window. 

One or more little bony processes are often seen 
running from the pyramid to the promontory 
across the upper part of its opening, and these, 
together with the stapedius tendon running across 
to reach the stapes, prevent the thorough clearing 
out of pus or debris which may collect in it. 

In some cases the cavity cannot be properly 
cleared out with instruments without injuring the 
facial nerve, and any attempt to enlarge the open- 
ing must have the same result. 

In using a guide to find the antral opening from 
the middle ear through the meatus, the instru- 
ment may pass into a deep sinus, with disastrous 
results to the nerve and canal. 
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The outer fossa varies ; sometimes it is a simple 
recess, sometimes a pocket with the opening above, 
a condition which is produced by the upturning 
free border of the floor of the middle ear. Occa- 
sionally it runs for a considerable distance out- 
side the facial nerve. 

The anterior middle-ear wall shows the floor of 
the middle ear turning upwards towards the roof to 
form part of the opening of the Eustachian tube and 
tensor tympani canal, the latter being above and 
internal to the former with a ledge between them. 
The wall is usually cellular, and as it, together 
with the inner wall of the tubal opening, is formed 
by the thin carotid canal, the danger in dealing 
roughly with the cells is apparent. Infection of 
the carotid artery is, curiously enough, a very 
rare complication of middle-ear suppuration. 

It is also seen that the floor is on a lower level 
than the mouth of the Eustachian tube. 



ANATOMY OF THE TEMPORAL BONE [lect. r. 1 



(3) CONSISTENCE OF THE OUTER ANTRAL WALL 
AND MASTOID MASS AT BIRTH 




LI lliroiigh thi 



If a vertical lateral section be made behind ] 
the stylo-mastoid foramen through the antrum i 
and mass of bone from which the mastoid process J 
is formed, it will show the outer antral wall 
consist of an outer layer of compact bone with 
an inner layer of fine cells, while the bone belowJ 
from which the process is formed, is as a rule,! 
denselj' diploetic. There is usually a thin layer 
of compact bone separating the antrum from the \ 
diploetic mastoid mass below. Sometimes the \ 
mastoid mass is composed mainly of dense ivory 1 
bone and remains so all through life. 



(4) THE PETROUS CELL 

There is often seen quite a large cell lined with j 
compact hope below and internal to the cancellous \ 
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mass, just behind the descending part of the facial 
nerve, which indeed, sometimes runs through the 
cell before emerging at the stylo-mastoid foramen. 
At the fifth and sixth months of fcetal life a mass 
of cartilage occupies the anterior inferior aspect 
of the bone below and anterior to that from which 
the mastoid process is formed. As this cartilage 
becomes ossified the bone closes over to form the 
stylo-mastoid foramen and leaves internally this 
densely lined cell from which foramina open, for 
the passage of vessels to the surrounding parts. 
Sometimes there is an extra opening into the cell 
below and behind the stylo-mastoid foramen for 
the stapedius muscle. This cell must not be con- 
founded with the mastoid cells, and for want of 
a better name I call it the "petrous" cell. It 




-Two Years. 



Bight bone, showing smooth- 
lined "petrous" cell btlow 
and internal to the mastoid 
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apparently forms in connection with the develop- 
ment of the descending part of the facial canal, 
the stapedius muscle and the chorda tympani, 
and, as far as I know, it is not of surgical import- 
ance. 



B. THE SURGICAL ANATOMY OF THE 

LABYRINTH 

The petrous portion of the bone contains the 
labyrinth, and as the parts of the labyrinth do 
not alter in relation to one another, and the guides 
are the same all through life, the surgical anatomy 
of the labyrinth can now be considered. 

(i) THE SURGICAL IMPORTANCE OF THE 

LABYRINTH 

We have seen that the internal wall of the middle 
ear and antrum is formed by the outer part of 
the bony labyrinth which lies entirely in the petrous 
portion of the bone. 

Implication of the labyrinth is therefore fairly 
frequent as a result of middle-ear suppuration, 
the most frequent points of invasion being the 
external semicircular canal and the neighbour- 
hood of the round and oval windows. (Milligan, 
Whitehead, Victor Hinsberg, Jansen, &c., ''Transac- 
tions of the Otological Society/' vol. v. pages 25 
and 49.) 

When once the interior of the labyrinth is 
infected disease may spread to the interior of 
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the cranium, more especially to the posterior fossa 
through the internal auditory meatus and the 
aqueduc tus vestibuli . 

As the bony labyrinth, except where it comes 
to the surface, is enclosed during infancy in can- 
cellous bone, total or partial exfoliation sometimes 
takes place as a result of extension of disease from 
the middle-ear tract, and this tendency to exfolia- 
tion is most frequently seen in cases of tuber- 
culous disease which spreads along the cancellous 
covering. Internal and posterior to the cochlea 
is a large mass of cancellous bone which may com- 
municate with cells from the middle ear in front 
or below, or with mastoid cells passing below the 
labyrinth. 

The semicircular canals are more prone to ex- 
foliation, as they are separated from one another 
in infancy by cancellous bone; later in life they 
become more or less joined together b}^ bone of 
ivory hardness. 

Charles Ballance, in the ^^Transactions of the 
Otological Society/' vol. i. p. 48, relates the case 
of a woman who suffered from discharge from the 
left ear, vertigo, tinnitus, and deafness. During 
the radical operation pus was found oozing from 
the semicircular canal region (the inner wall of 
the antrum), and in dealing with it the canals were 
in part destroyed and the back of the vestibule 
opened. As a result the vertigo and tinnitus 
ceased and the hearing was markedly improved, but 
some deterioration in that respect took place later. 
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Operations on the labyrinth have not been 
hmited to cases in which suppuration has invaded 
its interior ; for Richard Lake was the first 
to report a case of incapacitating vertigo with 
tinnitus and deafness, unassociated with suppura- 
tion, in which he removed the semicircular canals, 
with cure of the vertigo, improvement of the hear- 
ing, but with persistence of the tinnitus. The 
full report of this pioneer case will be found in 
the ** Transactions of the Otological Society,'" 
vol. V. p. 69. 

He has also dealt with the cochlea and vestibule 
in a case of distracting tinnitus with encouraging 
results. (''Transactions of the Otological Society,'" 
vol. vi. p. 60.) 

Operations of the same nature have also been 
performed by Milligan. {Journal of Laryngology^ 
February 1905, p. 105.) 

A new field has thus been opened for the relief 
of these most distressing cases of tinnitus and 
vertigo. It has been proved that the removal 
of the canals and attacking the vestibule does 
not result in deafness, for in the case referred to 
of Ballance's and in the first case of Lake's the 
hearing was improved while the vertigo disappeared. 
Therefore if an operation is demanded for audi- 
tory vertigo it is sufficient to deal with the canals 
and vestibule, and it may in the future be found 
that the ampuUary nerves can be destroyed 
immediately after passing through the inner 
wall of the vestibule, rendering it unnecessary 
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to remove the ampuUary ends of the semicircular 
canals. 

If tinnitus is the reason, the cochlea and perhaps 
the vestibule must be dealt ' with in order to 
destroy the nerve endings. Division of the audi- 
tory nerve is an alternative operation for tinnitus ; 
but this, together with the cochlea * operation, 
must result in complete loss of function ; there 
are very few patients who desire to rid them- 
selves of tinnitus at the expense of any hearing 
they may have, but there are some certainly. 

If incapacitating vertigo and tinnitus demand 
operation it is still a question which is the better 
procedure, — destruction of the bony labyrinth 
and the nerve endings or division of the auditory 
nerve. 

These operations have hitherto been performed 
for the cure of the symptoms of vertigo or tinnitus 
or both, as a last resource. 

The combined symptoms of vertigo and tin- 
nitus occur in what is known as Meniere's disease 
which results in more or less loss of function. The 
pathology of this disease is not clear for it is 
never fatal, but we know that haemorrhage into 
the labyrinth may cause the symptoms, for such 
a condition was found in Meniere's classical case. 

It cannot, however, be supposed that haemor- 
rhage occurs in all patients who suffer from these 
symptoms ; increased tension, due to increase in 
the perilymph or endolymph or to block in their 
circulation, is a possible explanation. Meniere's 
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disease is clinically somewhat analogous to glau- 
coma. The course may be fulminating, acute, sub- 
acute, or chronic. The tinnitus corresponds to the 
flashes of light, and both lead to loss of function. 

If increased tension is the correct explanation, 
it is possible that some operation on the canals 
or vestibule can be undertaken, not only for the 
cure of the vertigo and tinnitus, but for the pre- 
servation of hearing. 

In the ** Archives of Otology/' vol. xxvi., I pro- 
posed that the external canal should be opened 
for Meniere's disease and in the light of Lake's 
work some such operation becomes more feasible. 

Before dealing surgically with the labyrinth a 
wide opening into the antrum and middle ear 
must first be made to expose the guides, viz., the 
anterior crus of the external canal and the inner 
middle-ear wall. The method of doing this and the 
attendant dangers will be subsequently described. 

In all operations on the labyrinth, meningitis 
caused by extension along the aqueducts and 
nerve-sheaths is one of the greatest dangers, and 
can only be avoided by strict antiseptic precau- 
tions. 

A fine burr will be found to be the safest im- 
plement to work with. 

(2) THE LABYRINTH AS A WHOLE 

If we take a foetal or an early infantile petrous 
and remove the cancellous covering, the bony laby- 




HUNTERIAN LECTURES, 



Left bone. Th 

from tlie peti 




I 



y':ii panic ring separated 
bony labyrinth. 



rinthis exposed, and the parts of that structure 
which appear on the inner wall of the middle-ear 
tract can be readily recognised. 




Fig. i8. — At Birth. 



The bony labyrinth consists of three main divi- 
sions : (i) the semicircular canals, externally ; 
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(2) the vestibule in the middle ; and (3) the cochlea, 
internally ; all three are in direct communication. 

Inside the bony is the membranous labyrinth, 
a closed sac containing endolymph, which forms 
a connection, as we have seen, with the saccus 
endolymphaticus through the aqueductus vestibuli. 
The interval between the bony and the membranous 
labyrinth contains perilymph, which communi- 
cates with the subarachnoid space through the 
aqueductus cochleae. 



(3) THE FACIAL NERVE IN RELATION TO THE 

LABYRINTH 

The facial nerve is wrapped round the bony 
labyrinth, and, as it lies in infancy, so it remains 
all through life, the only changes being that its 
descending portion becomes deeper and longer 
during subsequent growth. 

After entering the foramen at the anterior supe- 
rior corner of the outer extremitv of the internal 
auditory meatus it runs forwards and outwards 
with a gentle curve, soon becoming exposed at 
the hiatus where it lies between the top of the 
cochlea and the anterior extremity of the superior 
canal round which it winds. It then passes closely 
in front of the anterior extremity of the external 
canal, becoming attached to its anterior inferior 
aspect, and bending backwards runs over the 
oval window and sinus tympani. It then leaves 
the shelter of the canal to descend with a gentle 
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inclination outwards. In this descending course 
the inferior crus of the posterior canal leans 
towards it. It is sometimes thought that 
facial paralysis during infection of the middle- 
^ar tract means that the labyrinth is involved, 
but we see that the nerve is entirely outside the 
labyrinth and can therefore be involved apart 
from it. 

(4) THE SEPARATE PARTS OF THE LABYRINTH 

(i) The semicircular canals are three in number, 
each having an ampuUated or enlarged extremity 
containing the auditory nerve endings. These am- 
puUated ends are the special objects in operations 
such as that of Lake's. 

(a) The external canal runs horizontally. The 
anterior extremity is ampuUated and opens into the 
junction of the outer wall and roof of the vestibule 
just above the oval window and external to the 
anterior extremity of the superior canal. It then 
curves backwards and coming to the surface in front 
forms the inner boundary of the antral opening into 
the attic ; it then becomes buried in the inner 
antral wall and opens again into the vestibule at 
the lower and back part of its outer wall. This 
canal is a guide in performing the radical opera- 
tion, in opening the vestibule and in dealing with 
the other canals. The dangers in dealing with it 
are: (i) injuring the facial nerve; and (2) injuring 
the dura mater of the middle fossa at the anterior 
extremity. 
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(b) The posterior canal runs vertically and at a 
right angle to and behind the external. It opens 
above into the posterior wall of the vestibule by 
a crus common to it and the posterior crus of the 
superior. In its course outwards it is at first 
parallel to the posterior surface of the petrous, 
where its outline is visible in early life ; it then 
curves outwards and downwards becoming more 
buried, and after embracing the posterior limb of the 
external canal it runs upwards and inwards to open 
into the floor of the vestibule with an ampuUated 
extremity. 

It reaches as low as the opening of the round 
window, with its inferior limb lying on the back 
part of the sulcus jugularis. In its inferior course 
it closely approaches the descending part of the 
facial nerve. 

The dangers in dealing with it are : (i) in- 
juring the dura mater of the posterior fossa; 
(2) injuring the sulcus jugularis, though in the adult 
the wall between may be thick ; and (3) injuring 
the facial nerve in its descending course. 

(c) The superior canal runs upwards and for- 
wards from the junction with the posterior, and 
forms the highest point on the superior surface 
of the petrous portion, becoming buried at its 
anterior ampuUated end, round which the facial 
nerve winds, before opening into the roof of the 
vestibule alongside of and immediately internal 
to the anterior opening of the external canal. 
It will be noticed that the superior canal is placed 
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altogether on a higher level than the rest of the 
labyrinth. 

The dangers in dealing with it are : (i) in- 
juring the dura mater in both the middle and 
posterior fossae, the former especially if the middle 
fossa dips down externally to it ; {2) injuring the 
superior petrosal sinus which runs across its curve ; 
(3) injuring the facial nerve as it winds round 
its anterior extremity. 

(3) The vestibule is in the intermediate cavity 
between the Si?micircular canals and the cochlea. 
It is capable of holding about one minim of water, 
and is roughly wedge-shaped with the edge for- 
wards. 




]>ft bone. Lateral vertical section through the internal auditory 
meatus and the vestibule immediately behind the oval window. 
The parts outlined in ink. 



The roof is on a level externally with the top 
of the oval window with the facial nerve running 
over it, and internally with the roof of the inter- 
nal auditory meatus. It receives the opening of the 
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anterior crus of the superior semicircular canal 
immediatel}^ internal to the opening of the an- 
terior crus of the external canal. 

The posterior wall is occupied^ by the common 
opening of the posterior and superior canals. 

The floor has the lower opening of the posterior 
canal behind, and in front it opens into the cochlea 
just below the oval window. It is on the level of 
the lower part of the posterior edge of the oval 
window externally and of the floor of the internal 
auditory meatus internally. 

The inner wall meets the outer wall in front on 
the vertical plane of the anterior boundary of the 
oval window. It forms the partition between 
the cavity and the bottom of the internal auditory 
meatus, which is thin and perforated for the passage 
of nerves. 

The outer wall has the posterior opening of the 
external canal behind and the oval window in 
front, with an intervening piece of bone which at 
its lower part, below and behind the oval window, 
separates the vestibule from the sinus tympani. 
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Left lione. Lateral vertical aection through the vestibule and 
internal auditory meatus behind the oval window. 



The oval window and stapes point at an angle 
to the inner wall of the vestibule, and, therefore, 
to the internal auditory meatus. The anterior 
edge of the oval window corresponds to the 
anterior wall of the internal auditory meatus. 

The two guides to the vestibule are the oval 
window in front and the external semicircular 
canal behind, the facial nerve running between 
them. 

If attempts, beyond removing the stapes, are 
made to open the vestibule in front, the facial 
nerve will be in danger above and the cochlea 
below. In some cases of suppuration it is neces- 
sary to disregard both ; in fact, it may be necessary 
to deal with the cochlea at the same time ; and 
injury to the facial nerve has lost a great deal 
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of its terrors since joining the facial to the h 
glossal has been introduced, an operation with 
which the names of Charles Baliance and Purves 
Stewart must always be associated. 

The other and better way of opening the 
vestibule is through the external canal area. After 
removing the posterior half of the canal an open- 
ing can be made inwards and forwards through 
the outer wall. 

It may be necessary to use both routes, in which 
case the bridge between the two containing the facial 
nerve can be left intact if the case warrants it. 

(3) The cochlea is partly situated in the front 
part of the inner wall of the middle ear and partly 
in the inner wall of the carotid canal, slanting 
forwards and inwards. It begins just below the 
oval window, the outer wall of the beginning of its 
first turn being represented by the promontory. 




Fit;. jL.— Chili 
Left bone. Thi: anterior mtalal wall ? 
carotid canal removed, showing tlit ri^lat 
the inner wall o£ the carotid canai. 
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After reaching the floor of the middle ear the 
bony tube, for such it is, coils upwards and out- 
wards upon itself two and a half times, the coils 

becoming smaller and smaller and forming the 
well-known snail-hke structure. The end of its 
first coil reaches nearly to the anterior boundary 
of the oval window, and has the facial nerve lying 
between it and the anterior extremities of the 
superior and external semicircular canals. 

The base is, as we have seen, formed by the 
anterior part of the outer extremity of the internal 
auditory meatus, its outer edge being in the vertical 
plane of the anterior edge of the oval window. 




Left bone. The root of the n 
and internal auditory meatus 



leslapcs inpositii 



The direction of the apex of the cochlea from 
the base is forwards, outwards and upwards, and 
points into the canal for the tensor tympani or 
just beiow it, on a level with the mouth of the 
Eustachian tube. 



I 
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Riyht bone. A vertical section on a. level with the anterior 
border of Ihe malleus, exposing the middle ear and the cochlea. 
The malleiis and the posterior segment of the membrane 




The Upper Hmit of the cochlea corresponds 
closely with the upper edge of the Fallopian canal I 
above the oval window. 

The anterior limit is internal to the mouth 
the Eustachian tube. There is about as much'l 
internal to the mouth of the tube as there is from| 
the anterior edge of the oval window to the mouth, j 
The internal carotid artery lies against its anterior- J 
inferior aspect, but may, in the adult, be separata 
by cells extending inwards from the middle-ea^ 
floor. 

The inferior limit is the floor of the middle earj 
which may project upwards in the adult for 
considerable distance. 



m mm 
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Left bone. The inner mid die -ear wail exposed and the outerwall 
of the cochlea opeued. Arim of the promontory remains lielow 
the Dval window. 

The dangers in opening it are: (i) injuring the 
facial nerve as it hes between the upper part of the 
cochlea and the anterior extremities of the external 
and superior semicircular canals, and as it hes above 
the oval window; (2) injuring the jugular bulb 
which often hes against its first turn inferiorly ; 
(3) injuring the internal carotid artery which lies 
against the lower and inner part of the outer wall ; 
and (4) injuring the dura mater of the middle 
fossa. 



I 
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To sum up : a wide radical operation having 
been performed, the anterior crus of the external 
canal is exposed where it forms the inner boundary 
of the opening of the antrum into the middle ear ; 
if this canal is traced backwards it wiU lead to 
the posterior canal before curving inwards to 
open into the back part of the outer wall of the 
vestibule ; while if the anterior limb to which is 
attached the facial nerve, be followed forwards 
it will lead to the anterior limb of the superior 
canal and the roof of the vestibule ; the posterior 
canal will lead to the posterior extremity of the 
superior canal above, and to the floor of the 
vestibule below. 
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The cochlea can be opened below and internal 
to the oval window, the burr working forwards 
and inwards, great care being taken that it does 
not slip — upwards to the facial nerve, forwards to 
the internal carotid artery, or downwards to the 
jugular bulb. The opening should be limited to 
the inner middle-ear wall where the outer cochlea 
wall can be under observation. 



LECTURE II 

A. SUPERFICIAL CHANGES IN THE BONE 

DURING GROWTH 

The bone as a whole gradually becomes lateralised 
and upright. The growth takes place external to 
the outer walls of the middle ear and antrum which 
remain practically the same as at birth. 

(i) OUTER ASPECT 

(i) Formation of the bony meatus. — The roof and 
the posterior-superior walls are formed by the 
squama, while the anterior, inferior and posterior- 
inferior walls are formed by the tympanic ring. 

Two tubercles appear on the tympanic ring, one 
near the top of the anterior limb and another at a 
corresponding point at the junction of the inferior 
and anterior parts. These gradually grow outwards 
and approach one another eventually meeting at 
their outer extremities, forming with the outspread- 
ing anterior margin of the ring a foramen which 
gradually becomes filled in. After the junction the 
plate of bone so formed grows outwards, becoming 
thick and irregular at its outer extremity, thus 
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forming the anterior meatalwall. At the same time 
the inferior margin grows outwards to form the 
inferior wall, becoming slightly convex towards- 




Lefl bones, showing the formation of the bony meatus. 

the meatus and thick and irregular at its outer 
extremity. 

The posterior limb gradually spreads outwards. 
over the outgrowing squama to form the posterior- 
inferior part of the posterior wall. 
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l-cft bone. Showing fuUyiormed bonyir 
and maflojd process. 

Exostoses and hyperostoses of the meatus are 
always caused by thickening of some part of the 
tympanic plate. 

The squama immediately above the attic grows 
outwards and bends over to form the roof, becoming 
slightly concave to the meatus, while the posterior 
wall is completed by the growth outwards of the 
squama behind the outer attic wall where it over- 
hangs the posterior- superior aspect of the middle ear. 

As the posterior-superior wall grows outwards 
and the outer antral wall increases in thickness, 
the cells lining the outer antral wall come into re- 
lationship at their anterior aspect with the meatus 
at its deep posterior-superior part, thus forming a 
narrow, sometimes thin, sometimes dense, anterior 
wall to the antrum. It is here that the typical 
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sagging, caused by oedema, in cases of acute re- 
tention of pus in the antrum occurs and where 
perforation in infancy sometimes takes place. 

(ii) The outer antral wall. — After forming the 
posterior-superior meatal wall the triangular pro- 
cess of the squama bends backwards to form 
the triangular outer wall of the antrum which 
gradually increases in thickness. The outer antral 
wall is usually pierced by numerous small foramina 
for the passage of vessels. It varies in extent and 
is, as a rule, situated immediately behind the 
posterior-superior meatal border which marks its 
anterior limit ; while the extension backwards of 
the posterior-zygomatic line, after it has formed 
the upper limit of the meatus, marks its base ; 
and an imaginary line drawn upward from the 
level of the posterior meatal wall to the posterior- 
^zygomatic line marks the posterior line. This 
triangle is known as Macewen's. 

The posterior-zygomatic line varies greatly and 
is occasionally absent in the adult, especially in 
females and poorly marked bones. 

(iii) The spine.— At the place where the triangular 
process bends backwards the spine gradually appears. 
At first it is represented by a triangular ledge with the 
apex downward and slightly forward, becoming later 
a distinct tubercle, and when fully formed it appears 
as a raised triangular ledge of bone on the edge of 
the posterior-superior meatal wall pointing outwards 
and forwards into the meatus and being attached 
to the posterior-zygomatic line above. There is 
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often a marked depression or short canal imme- 
diately above and behind it. The spine points in- 
wards to the lower part of the opening of the antrum 
into the attic or just below it; at any rate the 
opening is never below its level. It will be seen 
that it is situated at the apex of Macewen's triangle 
and that it marks in a horizontal line the lower- 
most part of the antrum unless that cavity is large 
or highly placed. Sometimes it is entirely absent. 

(iv) The formation of the mastoid process. — 
The process is formed below the antrum by the 
descending part of the triangular process anteriorly, 
and by the petrous posteriorly and inferiorly, the 
former overlapping the latter. The masto-squa- 
mosal suture closes early in infancy but evidences- 
may be seen all through life. 

The process begins to develop as soon as the child 
begins to use the big neck muscles. That the pro- 
cess is formed simply for the attachment of the 
muscles and has no auditory function is strongly 
suggested by a case reported by Purves Stewart 
in '' Brain/' 1904, page 89. A man had congenital 
absence of the large neck muscles on one side with 

complete absence of the mastoid process. 

* 

The process gradually increases in size ; it eventu- 
ally consists of an upper part corresponding with 
the main mass of the bone and reaching from the 
antrum as low as the inferior level of the inferior bony 
meatal wall, and a lower part which proj ects into the 
neck over the digastric fossa ; with the formation of 
this lower mastoid the squama takes a small part. 
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(2) INNER ASPECT 

(i) The superior surface. — The portion of this sur- 
face external to the line of the superior semicircular 
canal is nearly horizontal, while the part containing 
the labyrinth has a twist and points upwards, for- 
wards and outwards. The outer horizontal part 




Lefl bone. Showing the superior surfac. 



is subject to a varying degree of moulding by the 
growth of the temporo-sphenoidal lobe. 

The petro-squamosal suture closes during the first 
six months of life, but a process of dura mater is 
lodged under the edge of the tegmen, and there are 
sometimes marked connections with the middle ear 
and the petro-squamosal sinus by means of emerging 
veins. The sinus may persist all through life 
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producing grooving and canalisation along the line 
of the suture. 

The projection of the arch of the superior semi- 
circular canal varies in its relation to the general 
height of the surface ; often it projects boldly ; 
sometimes it is nearly flush with the surface ; while 
at other times the part external to it is quite as 
high, but there is a marked dip internally. This 
is of importance, as the canal is used as a guide 
in dividing the auditory nerve by Parry's route. 

The hiatus Fallopii becomes more shut in by the 
growth of bone over it from externally. 

(ii) The posterior surface.— This surface external 
to the posterior semicircular canal is also subject to 
a varying amount of moulding by the growth of the 
cerebellum and lateral sinus. 

The groove for the lateral sinus becomes more up- 
right and more marked, that on the right side being, 
as a rule, deeper, broader and more forward than 
the left. The mouth of the aqueduct us vestibuli 
becomes a slit with a smooth surface below and 
internal to it for the saccus endolymphaticus. 

The outline of the superior arch of the posterior 
canal and its junction with the superior canal 
becomes less marked or lost. The fossa under the 
superior canal becomes almost obliterated by the 
growth of bone inwards over it, and is represented 
by a slit of varying size situated externally to the 
internal auditory meatus. 

The internal auditory meatus becomes deeper by 
the inward growth of bone. The measurement of 
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the inner lip from the level of the most projecting 
part of the superior canal averages half an inch in 
the adult. Below the meatus is seen the upper 
border of the jugular foramen, with a triangular 
process of bone projecting downwards and cor- 
responding to the inner boundary of the sulcus 




Fio. 29.— Twenty Year 
Lett bone. Shiiwin^ Ihe piislerit 



jugularis, and separating it from the aqueductus 
cochleJE which becomes situated on the border 
just below the internal auditory meatus. 

(iii) The border between.— The outer part which 
in infancy is rounded and composed of cancellous 
bone is thinned and moulded between the cerebrum 
and cerebellum and lateral sinus in a varying 
it may be grooved for the superior petrosal 
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sinus for its whole distance, often, however, the 
groove only extends inwards as far as the superior 
canal. 

The sinus lies sometimes on the superior surface 
of the border ; sometimes it lies below the border 
right on the posterior surface, especially in the 
outer part of its course. 

It often lies on the superior surface internal to 
the canal. The variation of the grooving produced 
by the sinus is of importance in dividing the auditory 
nerve by Parry's route. 

(3) THE INFERIOR ASPECT 

The chief changes seen here are : the formation 
of the digastric fossa, the projection downwards 
of the mastoid process, the ossification of the styloid 
process and the deepening of the sulcus jugularis 
and carotid canals by^ the growth downwards of 
their surrounding partitions. The depth of the 
sulcus varies extremely and is of surgical importance. 
It will also be observed that the stylo-mastoid fora- 
men appears on this surface in the angle between 
the mastoid and styloid processes and the junction 
with the occipital. 
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B. THE RELATION OF THE LATERAL SINUS 
TO THE SURFACE 

In infancy the sinus lies in a horizontal position 
below and behind the antrum and separated 'from it 
by dense cancellous bone rendering infection un- 
Hkely, but as growth takes place it adopts a more 
upright course coming into closer relationship with 
the posterior wall of the antrum and the upper part 
of the mastoid process. 




As a broad rule the sinus on thexight side is larger 
and placed farther forward than on the left, but no 
reliance can be placed on this, for it is sometimes far 
back on the right side and well forward on the left. 
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Right bone. Showing the laler 



yiiig far back. 



At the upper part of the bone it may, in extreme 
cases, run right up to the posterior wall of the antrum, 
and may even dip into the outer wall of the cavity 
almost completely shutting it out from the surface. 
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It may encroach on the apex of the antrum 
run right up to the posterior meatal wall imme- 
diately below it, taking the place of the upper 
mastoid cells, or perhaps leaving a thin tract of celb 
or diploe anteriorly leading to a larger collection of 
cells or diploe in the projecting part of the process. 



^ 
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It may be separated from the surface immediately 
behind the antrum by thin translucent bone, so it 
would be wounded immediately if a wide or careless 
opening was being made. 




Eight boue. Showing the lateral sinus encroaching] on the'i"„ 
posterior part of the antrum. A very thin translucent plate . 
of hone (dotted round) separates the sinus from the surface 
immediately behind Ihe antrum. 



The very forward sinus may be seen quite early 
in life ; I have a very marked one in the right bone 
of a child aged three years. 



F 




A forward sinus is in the way during the radical 
operation, in exploring the cerebellum, during opera- 
tions on the labyrinth and when the facial nerve 
is divided by the route adopted by Cuthbert 
Wallace. 

It has been claimed that a forward sinus may be 
diagnosed if a suitably bent probe passed into the 
antrum from the meatus is soon arrested by the 
posterior wall of that cavity. Such a conclusion 
cannot be accepted, for a small antrum frequently 
exists with the sinus far back and a large antrum 
may be present with a forward sinus. 

Membranous septum inside the lateral sinus. 
I once found a membranous septum inside the 
left lateral sinus of a man aged forty years, 
stretching across the interior and dividing the channel 



I stretcnm 
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into two passages for half an inch in the vertical 
part. Such a condition is very rare. It would be awk- 
ward if it was present in a case of septic thrombosis. 




Fig. 37.- 

I-eft bone. Showing a membranou 

of the lateral si 



C. CONSISTENCE OF THE OUTER ANTRAL 
WALL AND MASTOID PROCESS 

(i) ABSENCE OF CELLS 

At birth and up to about the age of five years, a 
lateral vertical section through the outer antral 
wall and mastoid mass shows, as we have seen, that 
the former is composed of an external layer of thin 
compact bone lined internally by a layer of fine 
cells having an inward direction, and where the 
antrum abuts on and the squama overlaps the 
diploetic mastoid mass there is a separating layer of 
compact bone of varying thickness. 
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Under these conditions suppuration in the an- 
trum may perforate the outer wall forming an abscess 
high up behind the auricle with occasionally great 
extension over the side of the head ; or it may per- 
forate the anterior wall into the meatus at its deep 
posterior-superior aspect. This infantile condition 
often remains all through life and forms a common 
type. 




Right bone. Showing the outer antral wall and the overlapping 
squamous portion of the mastoid to be dense, with marked 
line ol demarcation between the dense squamous and diploetic 
petrous portion of the mastoid process. 
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Fi(i. 39. 
Kight bone. Showing de: 




e outer antral wall and a 
old process. 



diploe 
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The outer antral wall and the separating layer 
between the antrum and mastoid mass increase 
more or less in thickness and are of great 
density. 

The cells which Hne the outer antral wall remain 
distinct and the mastoid process remains diploetic. 

Occasionally the overlapping dense squama may 
be seen sharply marked off from the petrous part 
of the mastoid process, as in Fig. 38. 

It seems then that the formation of cells depends 
on the density of the separating layer. 

The thickest outer antral wall I have seen was 
under these circumstances, in a man aged nine- 
teen years ; it measured three-quarters of an 
inch. 




Right bone. Showing dense antral walls a 
process. " Infantile " form o£ mastoid procss: 
wall is three-quarters of an inch in thickness. 



Very rarely the mastoid process instead of being 
diploetic is of ivory density ; this again is apparently 
originated in early life, for the mastoid mass in 
infancy instead of being diploetic is sometimes 
nearly entirely of ivory density. 
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Showing dcr 

process o£ almost ivory der 

With such conditions suppuration in the antrum 
is of special danger ; being unable to extend out- , 
wards or downwards it more readily extends to- j 
the middle or especially the posterior fossa, and that 
without any external gross signs such as cedema 
and redness, and even tenderness may be difficult 
to elicit. 

The difficulty in operating is obvious and is, in- 
finitely increased when a forward sinus or a highly- 
placed antrum, or both, are also present. 




Right bone. Showing dense outei 
oid, with a highly placed am 
indicates the position o£ the spine and the ledge 
the posterior-zygomatic line. 



(2) THE PRESENCE OF CELLS 

(i) Formation and spread. — The mastoid cells 
extend from the apex of the antrum, sometimes 
at all events, in connection with the line of junc- 
tion of the squamous and petrous portions, into 
the squamous and petrous portions composing 
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lowing early format! 

the mastoid process. They may remain limited 
to the upper part of the process, or they may 
extend upwards through the squamous portions 
into the outer antral wall, or downwards through 
the petrous portion into the lower part of the mas- 
toid, or both upwards and downwards, and in each 
direction they may have further extensions. 

However limited or extensive they may be they ^ 
are always in connection with one another, and 
directly or indirectly with the cavity of the 
antrum. 

Upon them depends largely the direction in which! 
infection spreads when once the antrum is affected. 
It is important, therefore, for the surgeon to knovi' in 
what direction spread mav be expected and what 
conditions may be met with during operation. 
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(ii) The chief types in the adult are : 

(a) The cells limited to the upper mastoid region 
with a dense outer antral wall and a diploetic or 
rarely a dense lower mastoid. 




Right bone. Showing cells in Ihe uppe 
process with a dense outer antral wall ; 
tion of the lower part of the mastoid, 
layer of compact bone separates the n 
diploe. 



part of the mastoid 

nd a rliploelic condi- 

A dislinct hut thin 

astoid cells from the 



(b) The cells extending downwards and occupy- 
ing the upper and lower mastoid entirely or with a 
rim of diploe at the extreme tip, the outer antral 
wall remaining dense. 
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Left bone. Showing the cells extendini^ nearly ti 
mastoid process, which is diploetic. The outer 



Some variations of this condition are : 
(o) A narrow track of cells running through the 
upper mastoid, leading to a large cell or series of 
large cells in the lower mastoid which may have 
large extensions backwards. 




Right hone. Showing a track of wlls leading to a large i 
the lip of the process. This cell has a large extension 
wards. The outer antral wall is dense. 



iii) A track of cells with extremely dense walls 
running through the upper and lower mastoid. 
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Riglit bone. Showing a narrow tortuous track o£ cells wilh very 
dense walls running through the entire mastoid. The outer 
antral wall is dense and the antrum highly placed. 

(c) The cells extending chiefly upwards into the 
outer antral wall between the outer compact layer 
and the fine cells and leaving the lower mastoid 
diploetic or dense. 
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Id) The cells extending both upwards and down- 
wards with or without a rim of diploe at the tip of 
the mastoid. 




Right bone. Mastoid cells extending both upwards and down- 
wards. The cells in the outer antral wall are marked off from 
the inner fine cells by a distinct line of demarcation. 

The cells may be limited to these positions but 
extension occurs in each situation and I propose 
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to describe the cells, their relations and extensions 
from above downwards, viz. : 

Those in the outer antral wall. 

Those in the upper mastoid. 

Those in the lower mastoid. 

(iii) The cells and their extensions' 

{a) The cells in the outer antral wall and their exten- 
sions. — As these cells spread from below upwards 
they are always associated with cells in the upper 
mastoid. An examination of the outer antral wall 
in 210 specimens of all ages above the age of five 
years showed that the outer antral wall was 

Dense in 97 

_ „ , . r Coarsely cellular in 64 

Cellular m 113 ^ .^^ . „ , 

^ I Densely cellular m 49 

and the fact that the cells in the wall, apart, of course, 
from the foetal cells, were always associated with 
cells in the upper mastoid was very clear. The 
ascending cells are coarser than the antral cells 
which are fine and have an inward direction, and 
there is often a distinct layer of compact bone 
between the two sets [see Fig. 50). 
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Right bone ; from abovt. The roo. 
moved. The outer wall o! Ihe 
upspreading cells are seen to he 
dirsction, thus miirking them ofl 
which have an inward direction. 






rsely cellular. Cells also i 



of the antrum has been re- 
aatrum is cellular, and the 
:oarse and to havs a vertical 

from the inner fine celU, 
The posterior antral wall is 
iwards over the 






The cells may be small or large. Sometimes 
a single large one is present and may easily be 
mistaken for the antrum, but it is usually just 
below the outer compact layer and a probe will 
not pass into the attic. 



1 
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Right bone. Showing a large cell in the outer antral wall which 
might be mistaken for the antrum, which lies deeper. 

A rare condition is for a large cell in the outer 
antral wall to communicate with coarse cells which 
run down to the digastric fossa internal to the 
mastoid process, and having a very thin wall 
through which suppuration may perforate into the 
neck, leading to a collection of pus under the deep 
fascia, with perhaps extensive burrowing, and with- 
out affecting the mastoid process at all. 
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Right bone. Large coarse cells in the outer antral wall run- 
ning down to the digastric fo3sa, where there is a very thin 
bony partition. The mastoid i^ tliploetic. The celh are in- 
vading the occipital. 

Extension of these cells may take place : 
Tjpivards, invading the diploe of the squama. 





Right bone. Showmg the cells extending well up into 
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Forwards, over the roof of the meatusand even 
into the base of the zygoma. 





yir.. ;6.— Adult. 
teiiiling over the roof of the 
base of the zygoma. 



Suppuration may extend from the antrum into 
these upward and forward extensions, forming a 



k 
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fairly large cavity which may be mistaken for 
high antrum; if rough attempts are made to 
enlarge the supposed antrum into the attic, or if 
the examining probe is used roughly the dura mater 
of the middle fossa may be perforated. The facts 
that the cavity is superficial and far forwards 
and that a probe, gently used, will not pass easily 
into the attic, will arouse suspicion. 

Backwards, reaching behind the antrum. A 
specially large cell is occasionally seen behind and 
communicating with the antrum. This cell has been 
specially described by Elsworth, of Cardiff, who 
proposed for it the name of " accessory antrum." 



.1 




Left .bone. Showing cells behind and above the antrum with 
the specially large cells, the " accessory antrum " oi Elsworth. 

(h) The cells in the upper mastoid and their 
extensions. — These are of varying vertical extent 
depending on the size of the antrum from the apex 
of which they extend to the lower level of the 
inferior bony meatal wall. 




liight bone. The outer wall of the upper mastoid cells has been 
removed together with the cells themselves. The thin curved 
bony probe of the lateral sinus is exposed behind. 



Their relations are : 

Anteriorly, with the meatus where perforation 
sometimes occurs, forming a swelhng discharging 
pus just inside the meatus on the posterior wall and 
closely resembling a furuncle. 

Posteriorly, with the lateral sinus from which they 
are separated by a thin, translucent, curved bony 
partition. The sinus may come very far forwards 
converting these cells into a mere track which may 
lead to a cell or mass of cells in the projecting part. 
Here the cells often extend backwards over the 
lateral sinus. 

Externally , with the surface where perforation is 
often seen forming a high mastoid abscess. 

Internally, they abut on the petrous below 
the labyrinth and are in relation to, but often 
separated from, the descending part of the facial 
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nerve and the jugular bulb by dense bone. There 
may not be a dense partition and the cells may run 
right up to these structures. 




Right bone. The entire process and the ojter antral wall are 
cellular. The cells extend inwards to the descending part of 
the facial nerve antl to a high sulcus jugularis. The bone also 
the palhway in Bezold's perforation. 



The nerve may be here exposed or destroyed by 
disease and a high outpushing sulcus may become 
infected giving rise to pyemia. If the sulcus is not 
high the cells may extend even further inwards, 
over the sulcus and under the labyrinth, and may 
effect a junction with the mass of diploe internal 
to the cochlea, perhaps running under the back 
part of the middle-ear floor on their way ; they 
may also extend up to or even into the diploe of 
the occipital under the sulcus with a thin partition 
of compact bone between or an actual junction. 





I 
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. The entire process and the Outei antral wall are 
cellular. The cells extend inwards between the bon) laby- 
rinth and the sulius jQRulans up to the internal diploe They 
also extend inwardi to the diploe of the occipital bone below 
the sulcus jugnlans 

Precautions in dealing with the Upper Mastoid Cells 

In operating on cases in which these cells are in- 
volved, especially in acute cases, it is important to 
remove the outer wall carefully first, and not to touch 
the deeper parts until the cavity has been gently 
cleaned and thoroughly examined both with the 
finger and light ; for it is not uncommon for the 
facial nerve to be naked in the anterior aspect of 
the bottom of the bony wound and for the lateral 
sinus, with its varying position, to be exposed. It 
is also possible for the jugular bulb to be exposed 
at the bottom of the wound behind the facial nerve. 
These exposures often take place quite early in acute 
infection. 

(f) The cells in the loiucr mastoid and their extensions. 



— The ceils of the projecting part of the mastoid may 
not extend to the tip, which is then occupied by 
diploetic or dense bone ; or they may occupy the 
whole process. 

It is in this position that the mastoid cells attain 
their largest dimensions. 

Perforation may occur : 

Externally, forming a low mastoid abscess ; at 
the tip among the attached muscles, or 

Internally, forming what is known as a " Be- 
zold's perforation," when the pus, being under the 
■deep fascia, may burrow freely down the neck as in 
a_ digastric perforation (see Fig. 59). 




Ftg. 61.—. 

Right bone. Showing !arge cells in the lower mastoid extending 
over the digastric fossa. The upper mastoid cells extend in- 
wards onder the labyrinth and up to the occipital diploe, 
where there is a thin bony partition. The antrum is highly 
placed ; the upper ink-mark indicates the level of the posterior- 
zygomatic line and the lower mark that of the spine. 

These cells may extend over the digastric fossa, 
forming a second route by which suppuration may 
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perforate it, or the cells may run upwards, back- 
wards and inwards for a considerable distance 
external to and below the lateral sinus, and may 
communicate above with extension of cells from 
the outer antral and upper mastoid cells, forming a 
huge congeries of cells which may be perforated 
by disease at any part. 




Right I 



Fig. 62. — Adult. 
Showing cells extending in every Uireetion.' 
ral sinus groove has been cleaxeii of cells. 



k 



In dealing with suppuration in the lower mastoid 
it is sometimes necessary to remove it entirely. 

(iv) Age at which they appear. — Although I have 
stated that the infantile condition of a compact 
outer antral wall hned with the foetal layer of 
cells and a diploetic mastoid is present up to about 
the age of live years, yet the cells 'may be well 
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formed as early as two years ; they are often 
present at seven or eight and are usually well 
marked at nine and ten or a little later. 




Fi<-.. 63.— Two Years. 
Right bone. Showing well-marked cells in the outer antral wal 




Fic. 64.— Nine Years. 
Leit bone. Sliowing cells iu the outer antral wall anil entire 
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D. VARIATIONS IN THE ANTRUM 
(i) The antrum is very variable in size ; it is 
often large in early childhood before consolidation 




—Twenty e 






Kight bone Pcstenor antral wall exposed showing it to be 
composed of thin translucent bone aRamst which rest-, the 
cerebelium internally and the litrnl sinus e\termlh — the 
ink line showing meeting point 

of the parts has taken place. There is no super- 
ficial guide as to whether the cavity is large or small. 
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but if, while opening it, the outer wall is found to 
be dense, the cavity is usually small. 

(2) The walls. — (i) The outer has been con- 
sidered. 

(ii) The inner is usually finely cellular above and 
behind the external semicircular canal. 

(iii) The posterior varies greatly : the antrum 
may be so small that a posterior wall cannot be dis- 




Ijcft bone. Showing thin posterior 
roughly triangular in shape. Thi 



[ci of cells and 
against it. 



tinguished, or the wall may be separated from the 
posterior fossa by such dense bone as to preclude 
infection passing through. A well-formed posterior 
wall, roughly triangular in shape, may be composed 
of thin, translucent bone against which may lie the 
cerebellum alone, the cerebellum and lateral sinus, 
or the sinus alone. Often it is cellular with a thin 
outer compact layer. 
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It is an important point to note that a dense outer 
antral wall may be associated with an extremely 
thin posterior wall, inviting extension of suppura- 
tion to the posterior fossa. 




surface of preceding specimen, the ink-mar 
the outline of the posterior antral wall. 



(iv) The roof remains for the most part very thin, 
and is often lined with fine cells. It may even have 
gaps in it, bringing the dura mater in contact with 
the lining membrane. Very rarely it is dense. The 
projection from the under surface formed by the 
free edge of the squama at the petro- squamosal 
suture is often quite thick, dividing the roof into 
an inner and an outer part, both of which may be 
lined with cells which are sometimes connected with 
the ridge by thin spicules of bone. The ridge always 




requires removal during the radical operation in 
order thoroughly to inspect and clean the parts 
internal to it. 





Lt'ft hone. Showing liilgi 
inner projection of the sqi 



if of antrum formed by the 
petro- squamosal suture. 



E. VARIATIONS IN THE MIDDLE EAR 



(I) RECESSES AND CELLS 

The recesses and cells in the middle ear are of im- 
portance in forming receptacles for diseased lining 
membrane and purulent debris, and so being respon- 
sible for the continuation of discharge from the 
cavity even after the performance of the radical 
operation. 

(i) Recesses. — The fossa on each side of the pyramid 
varies greatly. 

(a) The outer may run backwards outside 
the facial nerve and almost, if not quite, 
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come into relationship with the upper mastoid 
cells. 

(b) The inner or sinus tympani, is often of com- 
paratively great extent running backwards with the 
canal for the stapedius and facial nerve immediately 
external to it, and the outer wall of the vestibule 
internally. It may dip down forming a pocket, 



Showing deep elongated 
nerve and reaching thi 
outUned in ink. 




inside the facial 
The parts 



and having the sulcus jugularis as an inner wall 
below the vestibule, or the sulcus may form a thin 
sloping floor to it. As I have stated before, in 
some cases it is absolutely impossible to enlarge the 
cavity or even to clean it instrumentally without 
destroying the facial nerve. 



P 
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Left Ijone. Shoiving a deep sinus tympani Irora behind. It has 
a small opening above and dips down, coming into doss rela- 
tionship with the outer, wall of tlie sulcus jugularis. Sinus 
outlined in ink. 

(c) A recess or cell is occasionally seen in front of 
the'.liead of the malleus and above the canal for the 




Kight bone, Showing a smail triangular pocket on inner middle- 
ear wall, immediately above canal, ior tensor tympani and in, 
front of head of malleus. 
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tensor tympani. The facial nerve lies against its 
inner wall. 

(ii) Cells.— {a) From the hiatus Fallopii a series of 
cells sometimes pass forwards and inwards above 
and internal to the canal for the tensor tympani 
and, running over the carotid canal, reach the 
internal diploe. 




Right bone. ShowJQg cells from floor and top of in 
ear walls running inwards over the carotid canal t 
internal diploe. A distinct line separates the two 
upper set starts from the hiatus Fallopii. 



(b) The cells which line the floor sometimes also 
extend over the carotid canal and reach the internal 
diploe; passing in front of the inner part of the 
cochlea they separate it from the canal. 



P 
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night bone. Showing cells lining the'floor^of the n 
tending under the labyrinth. 



Occasionally they exist together with the cells from 
the hiatus, running parallel to and underneath them 
(see Fig. 73). 

(c) The floor cells may extend inwards, well under 
the labyrinth, and forwards into the floor of the 
bony Eustachian tube. 

{2) VARIATIONS IN THE FLOOR 

The floor may remain very thin and translucent 
as in the infant ; it may even bulge upwards, when 

it would be just possible by gross carelessness to 
wound the jugular bulb while incising the mem- 
brane. On the other hand, it may be thick and 
composed of dense bone. 



I 




Right bone, Slmwinj; thin middle-ear lioor formed l>y a liigli 
oiilpushing sulcus jiigiilaris. 




Right bone. Showing dense middle-car lloor i ii 
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The mastoid cells may extend under the floor at 
its posterior part on their way to reach the internal 
diploe. 





Rifilit bono. Showing mastoid cells extendiiig under the back 
part of the middle-ear lloor and vestibule. 



LECTURE III 



A. THE SURGICAL IMPORTANCE OF THE 

ANTRUM 

The antrum, whatever its physiological function 
may be, is a veritable death-trap when it becomes 
infected. The drainage from it into the lower 
middle ear is necessarily very imperfect, owing to 
the facts that its lower part is usually on a lower 
level than its opening into the attic, and that the 
attic is occupied by the head of the malleus, the 
body and posterior process of the incus, and their 
surrounding folds of mucous membrane. 

It will be remembered that the antrum has a roof 
through which the meninges of the middle fossa 
and the temporo-sphenoidal lobe may be infected, 
an inner wall through which the semicircular canals 
and vestibule may be attacked, a posterior wall 
leading to the meninges of the posterior fossa and 
to the cerebellum and lateral sinus, and an apex 
opening into the mastoid cells with their numerous 
extensions when they exist. 

Infection takes place through the middle ear, 
either by way of the Eustachian tube or of the- 
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meatus. Direct infection of the cavity due to 
injury is exceedingly rare. 

In fracture of the base of the skull involving the 
temporal bone, the line of fracture usually runs 
along the roof of the attic and antrum external to 
the dense labyrinth, the line of least resistance, 
practically separating the squamous portion from 
the petrous. 




Left bane. The outer antral and posterior-superior meatal walls 
and most of the outer attic wall removed. The head of the 
malleus and tody of the incus are seen in the attic. The 
membrane ia intact. 



The dura mater is liable to be torn along the line 
•of fracture, the tearing taking place at the petro- 
"squamosal suture which lodges a process of dura 
mater. 

In cases of acute suppuration the cavity may act 
^as a reservoir necessitating opening before healing 
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will take place. If the opening be too long delayed^ 
or if the infection be very virulent as in influenza 
or scarlet fever^ the lining membrane is destroyed^ 
and the bony walls are attacked leading to perfora- 
tion or extension to either fossa and its contents ; 
the mastoid cells, if they are present, maybe impli- 
cated with tracking of pus in any of the directions 
described. 

It will be apparent from the description of the 
cells which has been given, how great an influence 
the anatomical condition must have in deciding the 
direction in which suppuration may spread. 

Infection of the meninges, brain, or lateral sinus 
may take place through the emerging veins or their 
perivascular coverings, and, therefore, without 
macroscopical evidence of the pathway taken. 

All these complications may take place even with- 
out rupture of the membrane. 

As a rule, in acute cases, when the antrum alone is 
infected, removal of the outer wall is sufficient to- 
produce healing, without touching the middle ear. 
While if the mastoid cells are also involved thorough 
opening of them alone is sufficient, care being taken 
that the opening from the lower part of the antrum 
into the mastoid wound is large and allows of free 
drainage. 

There are some acute cases, however, especially in 
those due to scarlet fever, in which the destruction 
of parts is so rapid and extensive that the radical 
operation is necessary. 

In chronic^ suppuration, there are usually found 
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gross changes in the middle-ear tract which cause 
the persistence of discharge. These lesions maybe: 
chronic changes in the lining membrane, destruction 
of the lining membrane with caries of some part of 
the bony walls or ossicles with the formation of 
granulation tissue, and the collection of inspissated 
pus or cholesteatoma. Apart from these local 
troubles, the mastoid cells may be affected with all 
their attendant dangerous conditions, or the middle 
and posterior fossae and their contents may be 
attacked. 

Under these circumstances the radical operation 
is performed, and by it all the cavities are laid open 
into one another and into the bony meatus. 

In all cases of intra-cranial complications the 
radical operation should first be andertaken, for not 
only is the starting-point thus dealt with, but, as the 
precise diagnosis of intra-cranial complication is 
often difficult or impossible, careful examination of 
the exposed walls will, as a rule, give the clue to the 
direction or directions in which the infection has 
spread, and the bone wound can then be enlarged 
in the necessary direction or directions, and the 
pathological pathway obliterated. 

In dealing with cases of chronic suppuration we 
have yet to learn whether the opsonin treatment 
introduced by Professor Wright will help us. 

Besides the ordinary pathogenic organisms the 
middle-ear tract may be invaded by the tubercle 
bacillus. This infection adopts a most insidious 
course, producing great destruction of the parts. 



<)2 ANATOMY OF THE TEMPORAL BONE [lect. hi. 

the carious process often extending to great lengths, 
even invading the meninges, before producing gross 
signs, and, as I have before stated, the process may 
extend through the cancellous covering of the 
labyrinth producing exfoliation of part or even the 
whole of that structure, or it may directly invade 
it, especially in the neighbourhood of the windows 
and the external semicircular canal. The onset of 
tubercle is usually free from pain and a discharge 
from the ear occurring without it should always 
arouse suspicion. Facial paralysis is often a some- 
what early complication. 

The infection may spread up the Eustachian tube 
and, according to some authorities, it may originate 
primarily in the bone itself. 

I have a specimen removed from an infant in 
which the lining membrane was certainly the part 
first affected by the disease. A perforation was 
present in the posterior segment, and the lining 
membrane seen through it was thick and nodular. 
On cutting a section of the antral lining membrane 
which was macroscopically thickened, it was found 
to be infiltrated with tuberculous disease. In this 
case there was no external sign of antral involve- 
ment. It becomes a question then, when once the 
middle ear has been diagnosed as being the seat of 
tubercle, even although no gross signs are present, 
whether the whole tract and its contents should be 
removed by the radical operation or whether the 
case should receive the open-air treatment. Of 
course there are many questions, which I must 
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not now discuss, to be considered before deciding. 
Here again, Professor Wright's treatment may be 
of value. 

In cases, apart from infection, in which the laby- 
rinth has to be dealt with, and in the operation 
for dividing the auditory nerve by Wallace's route it 
is necessary to open the antrum by a wide radical 
operation as a preliminary step. 

B. GUIDES TO THE ANTRUM 

The cavity is opened through its outer triangular 
wall. In early life it is easily reached by an opening 
made immediately behind the posterior-superior 
meatal wall, the line of the zygoma marking the 
upper limit and the posterior-superior meatal wall 
and the spine, if it is present, the anterior limit. 
The posterior limit can be judged in the first months 
of life by the masto-squamosal suture, always re- 
membering that the squama overlaps the petrous. 

As the meatus forms, the posterior-zygomatic 
line appears stretching backwards over the meatus 
and marking more or less accurately the floor of the 
middle fossa. It will be seen that the posterior- 
zygomatic line does not always form the upper 
boundary of the bony meatus, sometimes it retains 
more or less its infantile form and is somewhat 
above it. 

In the event of the posterior-zygomatic line 
being absent in the adult, an imaginary line drawn 
backwards from the zygoma will take its place. 
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Unfortunately there is no sign on the surface of 
the bone to act as a warning, and a high outpushing 
jugular bulb, which sometimes comes to within one- 
half to five-eighths of an inch of the surface, may 
be injured during the early stage of opening the 
cavity if the triangle is faithfully followed. 



I 



LECT. HI.] HUNTERIAN LECTURES, 1906 




Lateral vertical section of the preceding specimen ; showing the 
high antrum. The upper ink-line marks the level of the 
posterior-zygoniatic line and the lower that o£ the spine. The 
specimen also shows a high outpushing sulcus jugularis reaching 
to within five-eighths of an inch of the surface and under the 
condition in danger of being wounded. 



i 
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It is also possible to wound the facial nerve in 



its descending part. 




Right .bone. Sliowing the infantile form of mastoid: a hieh 
antrum; the descenjing part of the facial nerve (marked in 
ink) ; and the riilge projecting from the root of the antrum. 

The mastoid cells or a single large mastoid cell 
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may be opened and be mistaken for the antral 
cavity, but the fact that a probe cannot be passed 
into the middle ear will arouse suspicion. The diffi- 
culty of the condition will be vastly increased if 
it is associated with a dense outer antral wall and 
mastoid process. 

Often the antrum is only partially above the base- 
line and only the lower part will be opened through 
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Section of preceding bone. Showing the high antrum and cell- 
ular outer antral wall and mastcad, which has a nairow rim of 
diploe at tlie tip. 

the triangle. Careful examination with a probe 
will tell the story. In these cases the antrum may 
be large. 

(2) Much more rarely the dura mater will be 
exposed through the triangle, especially at its upper 
part, owing to the dipping down of the floor of the 
middle fossa external to the labyrinth. This may 
occur under several conditions, especially in hydro- 
cephalus when the bone wih be found to be thin and 
light. 

(i) The posterior-zygomatic line and the triangle 
may be bulged oiitwards, the bone forming the latter 
being thin and translucent. 



^ 







Right bone. Showing a. bulging posterior-zygoraatic line below 
which the bone slopes downwards and inwards. The ink-line 
indicates the roof of the antrum below the base-line of the 
triangle. Condition probably due to hydrocephalus. 

(ii) The middle fossa may dip down immediately 
external to the superior canal, in which case the base- 
line is altogether above the roof of the antrum. 




Right bone. Showing marked dipping down of the roof of the 
antrum external to the projecting superior semicircular canal. 
The ink-mark on the squama edge indicates the posterior- 
zygomatic line. Low fiat antrum. 
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Right bone. Showing the posterior -zygomatic line, iniiicited 
by an ink-mark, above the level of the roof of tlie antrum. A 
large cell is present external to the antrum. The cells extend 
to the digastric fossa. 

(iii) The middle fossa may dip down more 
markedly external to the antrum, in which case 
the base-line really corresponds to the roof of the 
antrum but the dura mater intervenes. 



r 
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Fro. 90. — SixTY-T 






Right bone. Showing marked dipping riown of the miiliIle-fos.sa 
floor external to theantrum. The ink-line on the squama edge 
inilicates the level o£ the posteriot-zygomatic line which, really 
corresponds to the roof of the antrum, but the dura mater and 
brain intervenes between the outer antral wall and the surface. 

The roof of the meatus usuaUy shares in the 
depression and is often extremely thin. 

In some instances the dipping down shuts out the 
back part of the antrum, leaving the anterior part 
in the triangle. 

{3) Sometimes, as we have seen, the lateral sinus 
encroaches on the outer wall and apex of the 
triangle. 

D. PRECAUTIONS IN OPENING THE ANTRUM 

In the great majority of cases, Macewen's tri- 
angle will guide us to the front part of the antrum 
and its opening into the attic, when examination 
with a probe will tell us the extent of the cavity^ 
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or the triangle may expose the whole of a small 
antrum. But we see that the antrum may be 
wholly or in part above the base-line, that the 
middle fossa may dip down, and that the lateral 
sinus may come up to the posterior line and even 
encroach upon it, or lie immediately below its 
apex ; all these variations are without any surface 
condition to arouse suspicion. The spine, again, 
may be nowhere near the apex of the cavity or 
it may be absent. Under these circumstances the 
commencement of the opening of the antrum must 
be performed as if these variations were expected. 

Before beginning to open the bone the upper and 
posterior meatal walls right down to the membrane 
should be exposed. 

The opening should be commenced in the triangle, 
and the surrounding bone carefully removed as the 
wound is deepened forwards and inwards parallel 
to the meatus. If the cavity is not reached at the 
depth of about one-half to five-eighths of an inch — 
the average depth — the wound should be extended 
upwards and forwards working down the superior 
and the posterior-superior meatal walls until the 
opening into the attic is exposed, when a bent 
probe will indicate the extent to and the direction 
in which to enlarge the wound so as to expose 
the antrum. 

If the dura mater of the middle or posterior fossa 
be exposed in doing this, it may be used as a guide. 

Although exposure of the dura mater does no 
harm, yet perforation may be fatal if the operation 
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is performed for septic disease. Accidental open- 
ing of the sinus may do no harm, but it is a handicap 
to the thorough performance of the operation. 



E. THE RADICAL OPERATION 

This operation consists in removing the whole 
outer wall of the antrum ; laying the cavity open 
into the middle ear by a wide removal of the pos- 
terior meatal and outer attic walls ; removal of the 
membrane, malleus, and incus ; and in the cleaning 
out of all diseased contents and bony walls. It 
may also involve the tracking of disease to its 
finality in any direction, and the obliteration of the 
•diseased pathway. 

The operation is commonly known as the radical 
^^ mastoid" operation, but, unless the disease is very 
extensive, it takes place almost entirely through the 
squama. 

F. THE FACIAL NERVE IN THE ADULT 
ESPECIALLY IN REFERENCE TO THE 
RADICAL OPERATION 

It has been stated that the facial nerve does 
not alter its position during growth, but there is 
an increase of about a quarter of an inch in the 
descending part owing to the growth downwards 
of the surrounding bone. 

The stylo-mastoid foramen, its point of exit, is 
in the line of the posterior meatal wall when looked 
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at from the side ; from in front, it is rarely seen 
outside the hue of the outer edge of the anterior bony 
meatal waU, although it is so before the meatus is 
fully grown. In a horizontal plane, it is situated at 
the lower limit of the non-projecting part of the 



Fro. 91. — Adult 
Riglit bone. Showing the descending course of the facial n 



mastoid process which closely corresponds to or is 
slightly above the point at which the inferior edge 
of the thick tympanic plate actually joins the an- 
terior surface of the mastoid process. 

In this descending course of the nerve from the 
external canal to the stylo-mastoid foramen there is 
usually a slight inclination downwards, but it may 
run straight downwards or even curve inwards with 
a final slight outward inchnation {see Fig. 94). 



A very high and outpushing sulcus jugularis may 
reach the inner aspect of the descending part of 
nerve, which indeed may be exposed in its outer 
wall or be separated by a very thin transhicent 
partition {see Fig. 91). 




FlC. t)2. — StXTV-T 

Right bone. Showing the col 



; o! the facial r 



An increase in depth also takes place as the upper 
part of the mastoid process grows outwards. This 
increase varies to such a degree that measurements 
are worse than useless. 

The nerve may be separated from the mastoid 
cells by dense bone or the cells may come right up 
to it, a dangerous spot being just after it has left 
the shelter of the external canal (see Fig. 93). 
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Fig. 93— Twenty-four Ykahs. 

Ri)j;lit l>oiie. Shoniiig straight descending cDurs'_> of the facial. 

The mastoiil cellular. 

During the radical operation the nerve may be 
injured in its descending course before the antrum 




FfG. 94--Adi'lt. 
Right bone. Showing the descemling course of tlie 
inward, reaching the sulcus jiigQiaris and then r 
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is opened, especially if the cavity is small and highly 
placed, a facial twitch or complete paralysis being, 
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perhaps^ the first sign that something is 
Avoidance of the nerve, at this stage, is 
by keeping the bone wound high up, especiaUy 
the antrum is not reached at about half an inch, 
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Fig. 95. — FoRTV-ET(]HT Years. 

Right bone. Showing relation of the descending part of the 

nerve to the surface in a specimen in which the antrum is high. 

The nerve is in danger during the opening of the antrum. The 

ink-mark indicates the level of the posterior- zygoma tic line. 



If a guide such as Stacke's is used through the 
meatus for ascertaining and marking the position 
of the opening of the antrum into the attic it may 
injure the nerve if used roughly, especially if the 
facial canal is open ; it may pass into a deep sinus 
tympani causing the operator to think that the 
external canal and the facial nerve are the outer 
boundaries of the antral opening, or the operator 
may be tempted to use it as a lever, with the external 
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canal and the facia! nerve as a fnlcrunij in removing 
the last part of the outer attic wall. It is better, 
on the whole, not to use such an instrument, although 
it is safe enough in an experienced hand, when it is 
not^wanted. 

In removing the last part of the " bridge " in 




Left bone. The middle ear is exposed, and part of the outer antral 
wall removed, showing the " bridge " to be removed in laj-ing 
the antrum into the middle ear and meatus, and the relation- 
ship of the facial nerve to the operation. The d esc raiding part 
of the nerve is laid open. 

order to lay the antrum open into the middle ear, 
the nerve, as it crosses the inner wall of the middle 
ear, is in danger. It is avoided by having the parts 
well exposed, cleared from blood and lighted, b\' 
keeping high up and by defining the amount of bone 
to be removed by means of a probe passed into the 
middle ear from the antrum. A small piece of sponge 
or gauze may also be packed under the part which is 
to be removed. 
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In curetting the upper and posterior middle-ear 
Avails injury may occur, especially if rough attempts 
are made to clean the sinus tympani or any attempt 
is made to enlarge its opening. Curetting should 
be performed with a very light hand and, as far as is 
possible, in the direction of the course of the nerve. 
If there is a gap in the canal the danger of injury is 
increased and temporary paralysis may follow even 
the most careful curetting. 

In removing the posterior meatal wall the descend- 
ing part of the nerve is again in danger below the 
external canal. The best guide for avoiding it at 
this stage is that originated by Hugh Jones of 
Liverpool. 

After the antrum has been laid into the middle 
ear and the external canal exposed, a line drawn 
from the outermost part of the canal to the highest 
point of the meatus will have the nerve internal to 
it; with the exception of the bone internal to Jones's 
line the posterior meatal wall may be levelled to 
the floor of the meatus. 




Fio. 97.— Adult. ' 

Right bone. The anterior wall of the meatus has been removed, 
showing the radical operation and the reiation of the facial to 
it. The specimen illustrates Hugh Jones's guide for the pre- 
vention of injury to the nerve when removing the posterior 
meatal wall — viz.. a line drawn from the external semicircular 
canal to the highest part of the floor of the bony meatus will 
always have the nerve internal to it. The line and the nerve 
are marked in ink. 

Another point in curetting the middle ear is to 
avoid dislocating the stapes, which is easily done if 
the curette catches in the projecting head of the 
bone. The stapedius tendon is pulled upon and the 
base of the bone is levered out of the oval window. 
Temporary instability may be produced and the 
hearing result is not so good. 



G. THE PETRO-SQUAMOSAL SINUS 

In early fcetal life, before the formation of the 
internal jugular vein, the petro-squamosal sinuses 
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carry away all the intra-cranial blood, passing along 
the roof of the antrum and middle ear in the course 
of the petro-squamous suture and emerging at an 
opening in front of the meatus. It is not surprising 
that remains of such an important structure are seen 
later in life. In infancy and early childhood it 
is sometimes in evidence grooving and canalising 
the bone in the immediate course of the suture, 
lying partly under the overlapping tegmen, and 
emerging in front of the meatus. 




Left bone. Showing dtep Rmove lor the p:?tro- squamosal s 
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External aspect of the precerting specimen. Showing the open- 
ing between an unusually large po3t-glenoid tubercle and the 
meatus, with a groove running outwarils. This is a very rare 
specimen. Professor Macewen figures a similar one in his 
book from a ten-days-old infant. 

But it may be present without tiiese gross signs. 
It often opens posteriorly into the lateral sinus, 
below and external to the superior petrosal by a 
valve-like opening, sometimes passing under a bridge 
of bone to do so. 




1 



Right bone. Showing the valve-like opening of the petro- 
sqiiamosai sinus into the lateral sinns. 

The external opening is often obliterated, but 
remains may often be seen in the usual position in 
front of the meatus just external to the Glaserian 
fissure, with sometimes a fine groove running out- 
wards and occasionally bridged over by the junction 
of the post-glenoid tubercle with the bony meatus, 
in the glenoid cavity, in the zygomatic process or in 
the base of the zygoma. In its passage it receives 
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Showing the superior surfai 
to show groove for 



veins from the middle ear which have a covering 
from the meninges, one especially being present 
about the level of the meatus. It also receives 
veins from the meninges and the adjacent temporo- 
sphenoidal lobe above. 



k 





Posterior surface oi the aamt. Sliowiag the opening under 
bony liritlge into the sigmoid groove. 
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The surgical importance of this sinus and its re- 
mains consists in the intimate connection of the 
middle ear with the meninges by means of the peri- 
vascular covering, especially in infancy when the 
suture is wide and unclosed. It is not infrequent 




Left bone. Showing the superior surface. The dura mater is 
thrown back showing partl\ bridged -over groove. The sinus 
is seen in the turned back part. There is a. wire passed through 
the anterior opening »hii,h apparently i^ going to perforate 
the zygoma. 



for infants to die of general meningitis during an 
attack of acute otitis, and I have specimens in which 
this has occurred without the membrane having 
given way. It explains also the formation of an 
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Section through front of preceding spL^oiiiieii. Showing canal 
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Posterior aspect of same. Showing the opening of the s 
into the lateral sinus. 
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abscess in the temporo-sphenoida! lobe in those 
cases in which there is no macroscopical evidence 
of the pathway of infection. 

Occasionally it is the pathway for septic throm- 
bosis of the lateral sinus. Cleveland of Philadelphia 




Fig. 107.— Adult, 

Left bone. Showing a deep partly I) ridged -over groove opening 

into sigmoid groove under bridge ; no anterior opening. 



recorded such a case in a boy aged six who died of 
pyaemia. At the post-mortem the sinus was found 
abnormally large and deep, being at one or two 
points almost entirely bridged over by bony 
processes. At its anterior extremity necrosis had 
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taken place and pus had entered the sinus, causing 
a thrombus which extended backwards into the 
lateral sinus. Meningitis was present on the same 
side. 

In St. George's Hospital Museum {No. 33a) is a 
■specimen of dura mater with the lateral and longi- 
tudinal sinuses from a man aged twenty who, after 




Left bone. Showing shallow groove partly briilgeil-ovt 
into sigmoid groove ; no anterior openiiij;. 



suffering with discharge from the right ear for three 
months, died with symptoms of meningitis. At 
the post-mortem examination suppurative men- 
ingitis was found over the right side with septic 
thrombosis of the lateral and longitudinal sinuses. 
A'.vein was found which made a direct communica- 
tion between the tympanum and the lateral sinus. 
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and which would admit the passage of an eye 
probe. 

A large sinus may be encountered in exploring 
the middle fossa, or in Parry's operation for dividing 
the facial nerve by the middle fossa route. 

H. RELATIONS OF THE SULCUS JUGULARIS 

The sulcus, against which lies the jugular bulb,. 




Bight bone. Showing a high aui 
with the facial nerve running 
sulcus reaches to half an inch of the surface. 



stretches right across the width of the inferior sur- 
face of the bone internal to the articulating surface j 
for the occipital bone, the stylo-mastoid foramen I 
and the styloid process, and external to the aque- 1 
ductus cochlea and the internal carotid canal. 

It forms, I beg to repeat, externally, the thin j 
perforated Hoor of the middle ear. Internally and 
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anteriorly it lies against the inferior surface of the 
beginning of the first turn of the cochlea. Intern- 
ally and posteriorly it lies against the inferior surface 
of the inferior limb of the posterior semicircular 
canal as it enters the floor of the vestibule. 

During growth the sulcus may become separated 




Fit;. 110. 

Section further back in preceding specimen. The sulcus lying 
against the inferior surface of the inferior crus of the posterior 
semicircular canal as it enttrs the vestibule and also against 
the floor of the intL-rnal auditory meatus. 



from these structures by about a quarter of an inch 
of dense bone, or the mastoid ceils may extend 
under it. Often, however, the sulcus not only 
retains its infantile condition, but also pushes up- 
wards and outwards, rendering the floor of the middle 
ear and sinus tympani exceedingly thin and even 
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causing a marked upward bulge in the floor of the 
middle ear, when it would be possible by gross care- 
lessness to injure it while incising the membrane. 

It may remain lying against the inferior limb of I 
the posterior canal and the floor of the internal 
auditory meatus. 

It may reach the facial nerve in its descending 




Posterior aspect of the same ; the ink-mark showing the outline 
of the sulcus, which reaches nearly to the border above and the 
lateral sinus externally. 



course, and the nerve may even run through the I 
outer wall. Behind the nerve it may come into the I 
closest relationship with the upper mastoid cells ] 
and their extensions inwards above and below it, 
and it may come to within half an inch of the ] 
surface. 

On the posterior aspect of the bone it may be seen I 
to bulge upwards and outwards reaching as high as | 
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the border separating the superior and posterior 
surfaces and as far out as the groove for the lateral 
sinus running under the aqueductus vestibuli and 
saccus endolymphaticus ; it would be in danger at 
this point in Wallace's operation for division of the 
auditory nerve when the bone is being removed 
internal to the lateral sinus groove. 

I. DIVISION OF THE AUDITORY NERVE 

The auditory nerve has been divided at the in- 
ternal auditory meatus for distressing tinnitus and 
giddiness, as an alternative operation to that of 
Lake, but the operation is still sub iudice, and 
although in the few cases recorded the operation has 
not met with much success, yet the time may come 
when, by choosing the right cases and by the adop- 
tion of more perfect procedures, it will have its 
proper place in surgery. Negative results are some- 
times of the greatest value, helping to clear up 
matters which otherwise would remain dark. 

One would think that division of the auditorv 
nerve would have some effect on tinnitus and laby- 
rinthine vertigo, as the pathway from a diseased 
aural apparatus is thus at once interrupted ; but if 
there is no effect, we are driven to the conclusion that 
the symptoms have their origin in some other part, 
probably central, to which we must direct our atten- 
tion if these difficult cases are to be relieved. 

It is a curious thing that cerebral tumours which 
press on the auditory nerve in its intra-cranial course 
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do not cause tinnitus, at any rate it is not complained 
of as one would expect. It seems that it is necessary | 
for the nerve ending in the cochlea to be irritated 
in order to produce it. 

The operation of division of the eighth ner\-e 
originated with British surgeons, and cases have 




Lefl bone. Showing the posterior surface. 

been reported by Cuthbert Wallace, Lancet, April 30, 
1904,— and R. H. Parry of Edinburgh, " Trans- 
actions of the Otological Society," vol. v, 1905, 
page 62, and they each adopted a different route. 
Cuthbert Wallace in his description gives two routes 
by which the nerve can be reached : — 

(i) By exposing the cerebellum in the usual way, 
opening the dura mater and slowly compressing the 
cerebellum inwards until the facial and auditory 
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nerves come into view; and (ii) by the operation 
for exploration of the posterior surface of the petrous 
portion, after a wide radical operation has been 
performed. 

He chose this second route, as the radical opera- 
tion had already been performed. 

The steps of the operation by this second route 
Tie describes as follows : — 

(i) The radical operation is widely performed, 
and the lateral sinus exposed. 

(2) The dura mater over the temporo-sphenoidal 
lobe is exposed, and by working backwards and 
downwards the dura mater over the cerebellum, for 
a distance of three-quarters of an inch behind the 
lateral sinus, is laid bare in order to gain space for 
the retraction of the cerebellum in the later stage. 

(3) The bone internal to the lateral sinus is next 
removed, starting from the groove and extending 
forwards and inwards as far as the external semi- 
circular canal ; this exposes the dura mater, for 
a space of three-eighths of an inch in width on the 
average, internal to the sinus. 

(4) The anterior edge of the exposed dura mater 
is then incised to the extent of about one inch. 

(5) A bent flat half-inch broad retractor is then 
introduced and the cerebellum compressed until, 
with the aid of a forehead light, the auditory nerve 
can be seen running obliquely into the meatus. 

(6) Pressure on the auditory nerve applied as 
near the brain as possible enables the facial to be 
brought into view, and a blunt hook can then be 
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easily passed round the auditory nerve which is 
divided by traction or with scissors. 

He states that the depth of the nerve from the 
cut edge of the petrous varies from one half to three- 
quarters of an inch. 

In the case in which he operated through this 
route, bleeding from the lateral sinus, before the dura 
was opened, necessitated plugging and the postpone- 
ment of the further steps. A week later the opera- 
tion was proceeded with. On opening the dura 
a large amount of cerebro-spinal fluid at once flowed 
out. On introducing the retractor it was found 
that the clotted sinus caused resistance to retrac- 
tion, it was therefore divided between ligatures. 
After considerable trouble from the flow of cerebro- 
spinal fluid and bleeding from the surface of the 
cerebellum the nerve was seen and torn in half. As 
a result the tinnitus from which the patient suffered 
was certainly relieved but there was considerable 
giddiness on attempting to raise the head. Unfor- 
tunately the patient died, so that the chief interest 
in the case is the route adopted and the troubles 
encountered. 

Parry divided the nerve in a man for incapaci- 
tating vertigo and tinnitus. 

He operated through the middle fossa ; the points 
in favour of this route being that : (i) less difficulty 
was anticipated as regards haemorrhage; (ii) it is 
the shortest route, the internal auditory meatus 
being one inch and a quarter from the squama; 
and (iii) the parts can be better retracted. 
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The steps of the operation were : 
(i) An osteo-cutaneous flap was turned down 
from the squama. 

(2) The dura mater was separated with great care 
from the superior surface of the petrous as far as 
the promontory caused by the superior semicircular 
canal. 

The roof of the middle ear and part of the antrum 
were removed at this point (more I think to explore 
the tract than as a necessary part of the operation — 
and it certainly added an extra risk for there had 
been suppuration in the middle ear). 

(3) The dura mater was punctured to allow of the 
escape of cerebro-spinal fluid, and so permit the 
better displacement of the membrane and brain. 

(4) The superior petrosal sinus was removed by 
chiselling the groove and gently removing the bone 
in order to avoid puncturing the sinus, for as Parry 
states, the sinus lies in a marked groove along the 
whole length of the border in half the bones he 
examined. 

(5) The dura mater of the middle fossa, the ten- 
torium and the superior petrosal sinus were drawn 
aside by retractors. Some bleeding occurred at this 
stage, probably from the sinus, but was easily con- 
trolled by plugging. 

(6) The roof of the meatus was then removed 
when the seventh and eighth nerves were easily 
recognised. A little too much of the roof was re- 
moved and the seventh nerve was injured. 

(7) The auditory nerve was divided. 

9 
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Recovery was uneventful, but the vertigo and 
tinnitus, though modified somewhat, were still 
sufficiently in evidence to annoy the patient. 

From the records of these two cases, the operation 
of Parry seems to be the easier and open to less 
objection than that of Wallace. 

In Wallace's route the variation in the position 
of the lateral sinus, which is easily wounded, is a 
distinct disadvantage. 

In some cases it is impossible to obtain any room 
internal to the sinus to incise the dura, and in all 
the opening is necessarily small. 

The bleeding from the surface of the cerebellum 
and the cerebro-spinal flow appear to be inevitable. 

The antrum has always to be opened, an opera- 
tion which is sometimes tedious and may be a source 
of infection. 

In Parry's route the bone opening can accord 
plenty of room. The antrum need not be opened, 
and the bleeding need not be violent ; the only large 
sinuses encountered are : — the petro-squamosal, if 
it is present, and the superior petrosal, both of 
which can be easily controlled without postponing 
the operation. The puncturing of the dura, to let 
out cerebro-spinal fluid, could with advantage be 
replaced by a lumbar puncture. A difficulty may 
arise, as we have seen, in determining which is the 
projection of the superior canal. 

Removing the roof of the internal auditory meatus 
should be carried out along the border of the bone in 
order to avoid the facial nerve. 
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J. VARIATIONS IN THE MASTOID VEIN 

This vein leaves the lateral sinus in its descending 
part and usually runs upwards, backwards and 
outwards with a curved course, to emerge at the 
posterior edge of the base of the mastoid process. 

There may be more than one, or one vein may 
branch in the bone into two or more branches which 
emerge separately on the outer surface. 

Great variations are seen in its size, sometimes it 
is as big as a pencil, at others the canal will not 
admit a pin, and in some it is absent altogether. 

The point of emergence varies, it may be situated 
quite low down behind the mastoid process. 

In cases of septic thrombosis of the lateral sinus 
this vein sometimes shares in the process and requires 
dealing with. Sometimes an abscess will form round 
its point of emergence, and its bony canal may be 
carious. 

Under these circumstances the vein must be re- 
moved up to its origin from the sinus by enlarging 
the canal and laying it open into the bony wound. 
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